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HISTORY OF GLACIAL LAKES IN THE DOG RIVER VALLEY,
CENTRAL VERMONT
by
F r e d e r i c k  D. L a r s e n  
Depar tment  o f  E a r th  S c i e n c e
N o rw i ch  U n i v e r s i t y  
N o r t h f i e l d ,  Vermont  05663
INTRODUCTION
The a r e a  t r a v e r s e d  on t h i s  f i e l d  t r i p  l i e s  on the  M o n t p e l i ­
e r ,  B a r r e  Wes t ,  N o r t h f i e l d ,  and Roxbury  7 . 5 - m i n u t e  U .S .  G e o l o g i ­
c a l  S u rv e y  t o p o g r a p h i c  maps in  c e n t r a l  Ve rm on t .  The t e r r a i n  i s  
u n d e r l a i n  by metamorphosed  e u g e o s y n c l i n a l  r o c k s  t h a t  a r e  p a r t  o f  
a c o m p l e x  zone o f  i m b r i c a t e  s l i c e s  bounded by t h r u s t  f a u l t s .
The age o f  r o c k s  w e s t  o f  th e  Dog R i v e r  i s  Cambrian and O r d o v i c i ­
an. T o  th e  e a s t  th e  age o f  th e  r o c k s  i s  under  d e b a t e ,  but  t h e y
are  in  th e  r a n g e  o f  O r d o v i c i a n  t o  D e v o n ia n .  The r o c k s  in  c e n ­
t r a l  Vermont  we re  d e f o r m e d  d u r i n g  th e  A c a d ia n  o r o g e n y  and were  
i n t r u d e d  by B a r r e - t y p e  g r a n i t e s  about  380 m i l l i o n  y e a r s  ago .
E r o s i o n  has p roduced  a c rude  t r e l l i s  d r a i n a g e  p a t t e r n  c h a r ­
a c t e r i z e d  by a l t e r n a t i n g  l i n e a r  r i d g e s  and s u b s e quen t  v a l l e y s  
t h a t  t r e n d  n o r t h - n o r t h e a s t / s o u t h - s o u t h w e s t  ( F i g .  1 ) .  L o c a l  r e ­
l i e f  i s  on th e  o r d e r  o f  300 m e t e r s  ( 1 , 0 0 0  f e e t )  w i t h  Sc rag  Moun­
t a i n ,  e l e v a t i o n  887 .5  m e t e r s  ( 2 , 9 1 1  f t ) ,  b e i n g  th e  l o c a l  h i g h  
p o i n t  in  th e  N o r t h f i e l d  Range .
C r i t i c a l  t o  an u n d e r s t a n d i n g  o f  th e  d e g l a c i a l  h i s t o r y  o f  
th e  a r e a  i s  th e  d r a i n a g e  d i v i d e  s e p a r a t i n g  n o r t h - f l o w i n g  t r i b u ­
t a r i e s  o f  th e  W i n o o s k i  R i v e r  f rom s o u t h - f l o w i n g  t r i b u t a r i e s  o f
th e  W h i t e  R i v e r  ( F i g .  1 ) .  In th e  l a r g e r  v i e w  t h i s  d i v i d e  s e p a r ­
a t e s  th e  S t .  Lawrence  R i v e r  and C o n n e c t i c u t  R i v e r  d r a i n a g e  ba­
s i n s .  In l a t e - g l a c i a l  t i m e ,  l ow s p o t s  on th e  d r a i n a g e  d i v i d e  
a c t e d  as t h r e s h o l d s  f o r  p r o g l a c i a l  l a k e s  t h a t  f o rmed  a f t e r  the  
i c e  m a rg in  had r e t r e a t e d  n o r t h  o f  t h e  d i v i d e .  The i m p o r t a n t  
t h r e s h o l d s  t h a t  c o n t r o l l e d  l o c a l  i c e - m a r g i n a l  l a k e s  a r e ,  f rom 
w e s t  t o  e a s t :  ( 1 )  G r a n v i l l e  N o t c h ,  430 m e t e r s  ( 1 , 4 1 0  f t )  ASL,
( 2 )  Roxbury ,  308 m e t e r s  ( 1 , 0 1 0  f t )  ASL,  and ( 3 )  4 .0  k i l o m e t e r s  
s o u th  o f  W i l l i a m s t o w n , 279 m e t e r s  (915 f t )  ASL. A f o u r t h  
t h r e s h o l d ,  l o c a t e d  a t  th e  head o f  B r o o k f i e l d  G u l f  ( A y e r s  B rook )  
12 k i l o m e t e r s  s o u th  o f  N o r t h f i e l d ,  has an e l e v a t i o n  o f  436 me­
t e r s  ( 1 , 4 3 0  f t )  ASL.  A s m a l l  p r o g l a c i a l  l a k e  t h a t  d e v e l o p e d  
n o r t h  o f  t h i s  t h r e s h o l d  has no m a j o r  d e p o s i t s  a s s o c i a t e d  w i t h  
i t ,  and d i d  n o t  p l a y  a m a j o r  r o l e  in  th e  d e g l a c i a l  h i s t o r y .
m
The p u r p o s e s  o f  t h i s  f i e l d  t r i p  a re  t o :  ( 1 )  s t u d y  g l a c i a l
and p o s t g l a c i a l  s e d i m e n t s  in  o r d e r  t o  document  a s e quence  o f  
d o w n - d r o p p in g  p r o g l a c i a l  l a k e s  and t h e r e b y  e s t a b l i s h  th e  p a t t e r n  
o f  d e g l a c i a t i o n ,  and ( 2 )  e v a l u a t e  p o s t g l a c i a l  rebound as mea­
su red  by K o t e f f  and L a r s e n  (1985 and in  p r e p . ) .
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F i g u r e  2.
V e r m o n t ;
P o r t i o n  o f  P l a t e  XXI f r om  Merwin ( 1 9 0 8 ) :  ( A )  s k e t c h
( B ) - ( D )  l a k e  s t a g e smap o f  n o r t h w e s t e r n  V e rm o n t ;   in  n o r t h w e s t e r n
(B )  a,  m a r g i n a l  l a k e  s o u th  o f  N o r t h f i e l d  ( 945 f t ) ;  b,  
Lake W i l l i a m s t o w n
e r ;  (C )
(890 f t )  d i s c h a r g i n g  i n t o  th e  C o n n e c t i c u t  R i v -  
a ,  Second Lake  L a m o i l l e ,  b,  F i r s t  Lake W i n o o s k i  a t  a
by an a l t i t u d e  o f  about  745 f e e t  a t  P l a i n ­




Merwin ( 1908 ) a p p a r e n t l y  made the  f i r s t  s u b s t a n t i a l  s tu d y  
o f  g l a c i a l  l a k e s  in  th e  W i n o o s k i  d r a i n a g e  b a s i n .  He r e c o g n i z e d  
t h a t  th e  i c e  m a rg in  r e t r e a t e d  t o  th e  n o r t h w e s t  r e s u l t i n g  in  a 
s e q u e n c e  o f  g l a c i a l  l a k e s  ( F i g .  2 ) .  In h i s  s t a g e  I ,  Merwin r e c ­
o g n i z e d  tw o  e a r l y  i c e - m a r g i n a l  l a k e s  in  th e  v a l l e y s  o f  the  S t e v ­
ens Branch and Dog R i v e r .  The l a k e  in  th e  S t e v e n s  Branch v a l l e y  
he named " L a k e  W i l l i a m s t o w n " ,  wh ich  " d i s c h a r g e d  i n t o  th e  Connec ­
t i c u t  R i v e r "  ( F i g .  2B ) .  He i d e n t i f i e d  th e  l a k e  in  th e  Dog R i v e r  
v a l l e y  as " a  g l a c i a l  l a k e  s o u th  o f  N o r t h f i e l d " .  On the  map, 
Merwin shows t h i s  l a k e  d r a i n i n g  n o r t h  i n t o  th e  i c e  and n o t  sou th  
i n t o  th e  C o n n e c t i c u t  R i v e r  b a s i n  as th e  e v i d e n c e  s u g g e s t s .  T h i s  
l a t t e r  f e a t u r e  has been named Lake Roxbury  b e ca u se  t h e  t h r e s h o l d  
o f  th e  l a k e  i s  l o c a t e d  in  th e  v i l l a g e  o f  Roxbury  ( L a r s e n ,  1972 ) .  
Merwin d i d  n o t  r e c o g n i z e  a t h i r d  l a k e  o f  about  th e  same age in 
th e  Mad R i v e r  v a l l e y .  T h a t  l a k e  has been named Lake G r a n v i l l e  
b ecause  i t s  t h r e s h o l d  i s  l o c a t e d  a t  G r a n v i l l e  N o t ch  ( L a r s e n ,  
1972)  .
The name " F i r s t  Lake  W i n o o s k i "  was used t o  d e s c r i b e  an i c e -  
m a r g i n a l  l a k e  t h a t  e x t e n d e d  f rom M i d d l e s e x  t o  P l a i n f i e l d  and i n ­
t o  the  l o w e r  v a l l e y s  o f  t h e  Dog R i v e r  and th e  S t e v e n s  Branch 
( F i g . 2 C ) .  F i r s t  Lake W in o o s k i  was " r e p r e s e n t e d  by an a l t i t u d e  
o f  745 f e e t  a t  P l a i n f i e l d "  (M e r w in ,  1 9 0 8 ) .  I t  i s  n o t  c l e a r  
where  th e  o u t l e t  f o r  t h e  l a k e  was l o c a t e d ,  h o w e v e r ,  we can s u r ­
m ise  t h a t  he t h o u g h t  t h a t  d r a i n a g e  was t o  th e  w e s t  on or  th rou gh  
the  i c e .  T o d a y ,  i t  i s  a p p a r e n t  t h a t ,  as l o n g  as i c e  b l o c k e d  the  
W i n o o s k i  d r a i n a g e  on th e  w e s t ,  m e l t w a t e r  was f o r c e d  t o  f l o w  i n t o  
th e  C o n n e c t i c u t  b a s i n  by w a y  o f  th e  S t e v e n s  Branch v a l l e y .  In  a 
t h i r d  s t a g e ,  Merwin r e c o g n i z e d  a " L a k e  M a n s f i e l d "  t h a t  o c c u p i e d  
th e  Stowe v a l l e y  n o r t h  t o  M o r r i s v i l l e  and the  W i n o o s k i  v a l l e y  
f r om B a r r e  t o  J o n e s v i l l e .  The o u t l e t  f o r  Lake M a n s f i e l d  was on 
the  w e s t  s i d e  o f  th e  Green  Mounta ins  and i n t o  a g l a c i a l  l a k e  in
t h e  Champla in  V a l l e y .
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Merwin worked  o n l y  one summer ( 19 0 6 )  and c o v e r e d  a l l  o f  
n o r t h w e s t e r n  Ve rm on t .  H is  a n a l y s i s  s u f f e r e d  f rom a l a c k  o f  mod­
e r n  t o p o g r a p h i c  maps w i t h  good  a l t i t u d e  c o n t r o l .  Because,  o f  h i s  
e a r l y  r e c o g n i t i o n  o f  a l o g i c a l  s e q u e n c e  o f  g l a c i a l  l a k e s  in  th e  
W i n o o s k i  b a s i n ,  I  have  r e t a i n e d  h i s  t e r m i n o l o g y  f o r  t h r e e  l a k e  
s t a g e s  in  c e n t r a l  Vermont  ( L a r s e n ,  1 9 7 2 ) .
S t e w a r t  and M a c C l i n t o c k  ( 19 6 9 )  d i d  n o t  f o l l o w  Merw in ,  and 
d e v i s e d  a s e q u e n c e  o f  g l a c i a l  l a k e s  in  c e n t r a l  Vermont  t h a t ,  in  
my v i e w ,  c a n n o t  be d e f e n d e d .  T h e i r  s e q u e n c e  o f  d i a g r a m s  (1969 ,  
F i g s .  18 -22 )  c l e a r l y  r e q u i r e s  73 m e t e r s  (240 f t )  o f  e r o s i o n  at  
t h e  Roxbury  t h r e s h o l d  and 33 .5  m e t e r s  (110 f t )  o f  e r o s i o n  a t  th e  
W i l l i a m s t o w n  t h r e s h o l d  f o l l o w i n g  i c e  r e t r e a t .  T h i s  i s  in  s p i t e  
o f  t h e  f a c t  t h a t ,  in  each  c a s e ,  c o n s t r u c t i o n a l  i c e - c o n t a c t  l a n d ­
fo rms  l o c a t e d  i m m e d i a t e l y  n o r t h  o f  e ach  t h r e s h o l d  a r e  g r a d e d  t o  
th e  p r e s e n t - d a y  t h r e s h o l d ,  and n o t  t o  some h i g h e r  l e v e l .  The 
r e a d e r  i s  i n v i t e d  t o  r e a d  S t e w a r t  and M a c C l i n t o c k  ( 1 9 6 9 ,  p .  139-  










F i g u r e  3. P r o g l a c i a l  l a k e s  o f  S t a g e  I :  Lake  G r a n v i l l e ,  Lake 
Roxbury  and Lake W i l l i a m s t o w n .  I n d i v i d u a l  s h o r e l i n e s  a r e  based  
on a p r o j e c t i o n  r i s i n g  0 .90  m/km tow ard  N21.5°W f r om  th e  t h r e s h ­
o l d  o f  e ach  l a k e .  S o l i d  t r i a n g l e s  d e n o t e  d e l t a s  g r a d e d  t o  a l a k e  
l e v e l .  In  F i g u r e s  3-5 th e  i c e  m a rg in  damming each  l a k e  i s  shown 
as a s h o r t  d i r e c t  l i n e  f o r  d i a g r a m m a t i c  p u r p o s e s .  Tongues  o f  
s t a g n a n t  i c e  p r o b a b l y  o c c u p i e d  much o f  t h e  a r e a  o f  e ach  l a k e  
shown. ( E x p l a n a t i o n  f o r  F i g u r e s  3 -5 ;  B, B a r r e ;  H, H u n t i n g t o n ;
J ,  J o n e s v i l l e ;  I ,  I r a s v i l l e ;  fl , M o n t p e l i e r ;  Mi ,  M i d d l e s e x ;  Mo, 
More town ;  N, N o r t h f i e l d ;  NU, N o rw i c h  U n i v e r s i t y ;  P,  P l a i n f i e l d ;  
R i ,  R i v e r t o n ;  Ro,  R o x b u ry ;  W, W a t e r b u r y ;  Wa, W ar r en ;  W i , W i l ­
l i a m s t o w n ;  Wo, W o r c e s t e r . )
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In  1972,  I  p r o p o s e d  a t h r e e - s t a g e  s equen ce  o f  g l a c i a l  l a k e s  
in  th e  W in o o s k i  v a l l e y  ( L a r s e n ,  1 9 7 2 ) .  In s i m p l e s t  t e r m s ,  S t a g e  
I  c o n s i s t e d  o f  t h r e e  s e p a r a t e  i c e - m a r g i n a l  l a k e s  t h a t  d r a i n e d  
s o u th  o v e r  s e p a r a t e  t h r e s h o l d s ,  S t a g e  I I  saw i n t e g r a t i o n  o f  
t h o s e  s m a l l e r  l a k e s  i n t o  one l a r g e  l a k e  d r a i n i n g  s o u t h ,  and 
S t a g e  I I I  o c c u r r e d  when m e l t w a t e r  was p e r m i t t e d  t o  d r a i n  w es t  
th r o u g h  the  Green  M oun ta in s .
S t a g e  I I I Lake M a n s f i e l d 
Lake  M a n s f i e l c
i I I  
1 I
d r a i n e d  w es t
S t a g e  I I Lake W i n o o s k i d r a i n e d  sou th
S t a g e  I Lake Lake Lake d r a i n e d
G r a n v i l l e Roxbury W i l l i a m s t o w n s outh
STAGE I LAKE WILLIAMSTOWN, LAKE ROXBURY, LAKE GRANVILLE
T h r e e  p r o g l a c i a l  l a k e s  d e v e l o p e d  when th e  n o r t h - d r a i n i n g  t r i b u ­
t a r i e s  o f  th e  W i n o o s k i  R i v e r ,  th e  Mad R i v e r ,  th e  Dog R i v e r  and 
t h e  S t e v e n s  Branch we re  dammed on th e  n o r t h  by t o n g u e s  o f  th e  
r e t r e a t i n g  i c e  s h e e t .  These  l a k e s  d r a i n e d  sou thward  o v e r  
t h r e s h o l d s  l o c a t e d  a t :  ( 1 )  G r a n v i l l e  N o t c h ,  ( 2 )  R o x b u ry ,  and ( 3 )
4 .0  k i l o m e t e r s  s ou th  o f  W i l l i a m s t o w n  ( F i g .  3 ) .  From w e s t  t o  
e a s t ,  t h e  l a k e s  a r e  named Lake G r a n v i l l e ,  Lake  Roxbury  and Lake 
W i l l i a m s t o w n .  E v i d e n c e  t h a t  t h e s e  l a k e s  e x i s t e d  i s  shown by 
i c e - c o n t a c t  d e l t a s  t h a t  a r e  g r a d e d  t o  th e  c o n t r o l l i n g  t h r e s h o l d  
in  each  l a k e  b a s i n .  A Lake G r a n v i l l e  d e l t a  can be s e en  a t  S top  
3 ( H a r t s h o r n  p i t )  on F i e l d  T r i p  C - l  ( A c k e r l e y  and L a r s e n ,  t h i s  
v o lu m e )  and a Lake Roxbury  d e l t a  w i l l  be s een  on t h i s  t r i p  at  
S t op  6. In  t h i s  l a t t e r  f e a t u r e ,  t h e  Roxbury  d e l t a ,  f o r e s e t  
b e d s ,  dune c r o s s b e d d i n g ,  and r i p p l e - d r i f t  c r o s s - l a m i n a t i o n  a l l  
i n d i c a t e  t r a n s p o r t  t o  th e  s o u th  d u r i n g  d e p o s i t i o n .  The s u r f a c e  
o f  t h e  Roxbury  d e l t a  i s  pockmarked w i t h  k e t t l e s  on th e  n o r t h  and 
was f e d  by a s u b g l a c i a l  s t r e a m  as i n d i c a t e d  by an e s k e r  t h a t  e x ­
t e n d s  2 .0  k i l o m e t e r s  e a s t - s o u t h e a s t  f r om the  head o f  th e  d e l t a .
R e t r e a t  o f  t h e  i c e  m a rg in  t o  th e  n o r t h  r e s u l t e d  in  n o r t h ­
e a s t w a r d  e x p a n s i o n  o f  Lake Roxbury .  A t  R i v e r t o n  ( S t o p  2 ) ,
s o u t h - d i p p i n g  c r o s s b e d s  in  e s k e r  g r a v e l  and subaqueous  outwash 
t e s t i f y  t h a t  Lake Roxbury  e x i s t e d  a t  l e a s t  14 .3  k i l o m e t e r s  
n o r t h e a s t  o f  i t s  t h r e s h o l d .  C o n t in u e d  dow n w as t in g  and r e t r e a t  
o f  t h e  i c e  m a r g in s  b o r d e r i n g  Lakes  Roxbury  and W i l l i a m s t o w n  f i ­
n a l l y  r e s u l t e d  in  t h e  l o w e r i n g  o f  Lake  Roxbury  by 24.4  m e t e r s  
(80 f t )  t o  th e  l e v e l  o f  Lake W i l l i a m s t o w n .  T h i s  o c c u r r e d  when
th e  i c e  w i t h d r e w  b e l o w  t h e  1 , 0 4 0 - f o o t  c o n t o u r  on th e  r i d g e  s e p a ­
r a t i n g  th e  v a l l e y s  o f  th e  Dog R i v e r  and the  S t e v e n s  Branch ,  or 
e a r l i e r .  The l o c a l i t y  i s  on th e  B a r r e  West  q u a d r a n g l e ,  3 .7  k i ­
l o m e t e r s  n o r t h  o f  B e r l i n  C o r n e r s .
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F i g u r e  4. S t a g e  I I .  A p p r o x i m a t e  s h o r e l i n e  o f  g l a c i a l  Lake 
W in oosk i  based  on a p r o j e c t i o n  r i s i n g  0 .90  m/km tow ard  N21.5°W 
f rom th e  2 7 9 -m e t e r  t h r e s h o l d  4 .0  k i l o m e t e r s  s o u th  o f  W i l l i a m s ­
town.  S o l i d  t r i a n g l e s  d e n o t e  m e t e o r i c  d e l t a s  b u i l t  d u r i n g  S t a g e  
I I .  ( S e e  F i g u r e  3 c a p t i o n  f o r  a b b r e v i a t i o n s  o f  town names . )
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STAGE I I  LAKE WINOOSKI
The d r a i n i n g  ,of Lake Roxbury  t o  th e  l e v e l  o f  Lake W i l l i a m s ­
town marked th e  b e g i n n i n g  o f  Lake W i n o o s k i ,  a m a j o r  p r o g l a c i a l  
l a k e  t h a t  d r a i n e d  s o u th  o v e r  the  W i l l i a m s t o w n  t h r e s h o l d .  At  i t s  
maximum e x t e n t ,  Lake W i n o o s k i  e x t e n d e d  t h r o u g h o u t  th e  v a l l e y s  o f
the  Mad R i v e r ,  th e  Dog R i v e r ,  and the  S t e v e n s  Branch.  I t  i s  no t  
c l e a r  w h e th e r  Lake  W in o o s k i  e v e r  e x t e n d e d  n o r th w a rd  i n t o  s o u t h -  
d r a i n i n g  t r i b u t a r i e s  l i k e  th e  N o r t h  Branch or th e  K i n g s b u r y  
Branch.  C a r e f u l  i n s p e c t i o n  o f  t h e  N o r t h  Branch a r e a  n o r t h  o f  
M o n t p e l i e r  on a e r i a l  p h o t o g r a p h s  and t o p o g r a p h i c  maps r e v e a l s  no 
d e l t a  or t e r r a c e  on or n e a r  th e  p r o j e c t e d  s h o r e l i n e  o f  Lake Wi ­
n o o s k i .  T h i s  i m p l i e s  t h a t  th e  N o r t h  Branch v a l l e y  was f i l l e d  
w i t h  i c e  when Lake W i n o o s k i  e x i s t e d .  The upper  W i n o o s k i  v a l l e y  
and the  K i n g s b u r y  Branch v a l l e y  a l s o  may have  been f i l l e d  w i t h  
i c e  when Lake  W i n o o s k i  e x i s t e d .
F i g u r e  4 i s  c o n f i r m a t i o n  o f  t h e  amount o f  p o s t g l a c i a l  r e ­
bound r e p o r t e d  by K o t e f f  and L a r s e n  ( 1985 ,  and in  p r e p . ,  s e e  
F i e l d  T r i p  'A -3 ,  t h i s  v o l u m e ) .  In th e  C o n n e c t i c u t  V a l l e y ,  the  
Lake H i t c h c o c k  s h o r e l i n e  has been measured  t o  be p l a n a r  and t o  
r i s e  0 .90  m/km ( 4 . 7 4  f t / m i )  t o w a rd  N21 .5 °W.  The u p l i f t  o f  the
land  was due t o  th e  r e m o v a l  o f  t h e  w e i g h t  o f  th e  i c e  s h e e t .  Up­
l i f t  appea r s  t o  have  been d e l a y e d  u n t i l  a f t e r  t h e  Champla in  Sea 
i n c u r s i o n  s t a r t e d  ( F i g .  8 and t e x t ,  F i e l d  T r i p  A - 3 ,  t h i s  v o l ­
ume) .  Because  Lake  W i n o o s k i  i s  o l d e r  than  t h e  Champla in  Sea ,  we 
can assume t h a t  th e  amount o f  p o s t g l a c i a l  u p l i f t  measured  f o r  
Lake H i t c h c o c k  a p p l i e s  t o  c e n t r a l  V e rm o n t ,  and p r o b a b l y  t o  much 
o f  w e s t e r n  New Eng land .  T h e r e f o r e ,  u s i n g  the  v a l u e  o f  0 .90  m/km 
t o  N21 . 5 °W, I  p r o j e c t e d  a s h o r e l i n e  on th e  t o p o g r a p h i c  map f rom 
th e  W i l l i a m s t o w n  t h r e s h o l d  a t  279 m e t e r s  i n t o  th e  W i n o o s k i  b a s i n  
as an a p p r o x i m a t i o n  o f  t h e  s h o r e l i n e  f o r  g l a c i a l  Lake  W in o o s k i  
( F i g .  4 ) .  The p r o j e c t e d  s h o r e l i n e  f a l l s  r i g h t  on th e  b r e a k - i n -  
s l o p e  o f  6 d e l t a s  in  th e  Dog R i v e r  v a l l e y  and 4 d e l t a s  in  th e  
Mad R i v e r  v a l l e y .  The 10 d e l t a s  a r e  a l l  m e t e o r i c  d e l t a s  t h a t  
f o rmed  a f t e r  t h e  i c e  m a rg in  had r e t r e a t e d  t o  t h e  n o r t h  p e r m i t ­
t i n g  i n t e g r a t i o n  o f  t h e  t h r e e  l a k e s  o f  S t a g e  I  i n t o  one Lake 
W i n o o s k i .  The f a c t  t h a t  10 d e l t a s  f a l l  r i g h t  on t h e  p r o j e c t e d  
s h o r e l i n e  c o n f i r m s  b o th  th e  e x i s t e n c e  and p o s i t i o n  o f  Lake Wi ­
n o o s k i  and t h e  v a l u e  o f  p o s t g l a c i a l  r ebound o f  Lake  H i t c h c o c k  as 
measured  by K o t e f f  and L a r s e n .
R e t r e a t  o f  t h e  i c e  m a r g in  t h a t  b l o c k e d  Lake W i n o o s k i  t o  th e  
w e s t - n o r t h w e s t  down th e  W i n o o s k i  v a l l e y  can be documented a t  
t h r e e  l o c a l i t i e s :  ( 1 )  on th e  s ou th  bank o f  t h e  W i n o o s k i  R i v e r
3 .4  k i l o m e t e r s  s o u t h e a s t  o f  M i d d l e s e x ,  ( 2 )  a t  t h e  Vermont  H i g h ­
way Depar tmen t  p i t  2 .0  k i l o m e t e r s  n o r t h  o f  M i d d l e s e x ,  and ( 3 )  
n o r t h  o f  th e  r a i l r o a d  5 .0  k i l o m e t e r s  w e s t - n o r t h w e s t  o f  W a t e r ­
b u ry .  A t  t h e s e  l o c a l i t i e s  c r o s s b e d d i n g  in  e s k e r  g r a v e l  and/or  
subaqueous  outwash c o n s i s t e n t l y  d i p s  t o  t h e  e a s t - s o u t h e a s t  i n d i ­
c a t i n g  t h a t  a s u b g l a c i a l  m e l t w a t e r  s o u r c e  l a y  i m m e d i a t e l y  t o  the  
w e s t - n o r t h w e s t  in  th e  r e t r e a t i n g  i c e  s h e e t .
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L A K E  M ANSFIELD  I
Gil le t t Pond th resho ld
Hol low Brook th resho ld
m i les
F i g u r e  5. S t a g e  I I I .  A p p r o x im a t e  s h o r e l i n e  o f  g l a c i a l  Lake 
M a n s f i e l d  I  based  on a p r o j e c t i o n  d r o p p i n g  0 .90  m/km toward  
S 2 1 .5 °E  f r om  th e  2 2 9 -m e t e r  t h r e s h o l d  j u s t  s o u t h w e s t  o f  G i l l e t t  
Pond.  E xac t  p o s i t i o n  o f  s h o r e l i n e  in  th e  W in o o s k i  b a s i n  e a s t  o f  
M i d d l e s e x  i s  c o n j e c t u r a l  b e c a u s e  o l d e r  l a k e - b o t t o m  d e p o s i t s  t h a t  
once s t o o d  h i g h e r  than th e  p r o j e c t i o n  p r o b a b l y  have  been removed 
by e r o s i o n .  ( S e e  F i g u r e  3 c a p t i o n  f o r  a b b r e v i a t i o n s  o f  town 
names. )
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STAGE III LAKE MANSFIELD
When th e  i c e  m a r g in  r e t r e a t e d  t o  J o n e s v i l l e  and H u n t i n g t o n ,  
m e l t w a t e r  was a b l e  t o  e s c a p e  t o  th e  w e s t  t h r o u g h  th e  Green  Moun­
t a i n s  and s o u th  in  th e  v a l l e y  o f  th e  H u n t in g t o n  R i v e r  ( F i g .  5 ) .  
Lake W in o o s k i  was l o w e r e d  t o  th e  l e v e l  o f  Lake M a n s f i e l d  I  and 
th e  2 7 9 -m e t e r  t h r e s h o l d  s o u th  o f  W i l l i a m s t o w n  was abandoned.
Lake  M a n s f i e l d  had more than one phase  b e ca u se  t h e r e  a re  s e v e r a l  
p o s s i b l e  t h r e s h o l d s  in  th e  v i c i n i t y  o f  H u n t in g t o n  r a n g i n g  f rom 
229 m e t e r s  (750 f t )  a t  G i l l e t t  Pond t o  204 m e t e r s  (670 f t )  a t  
t h e  H o l l o w  Brook t h r e s h o l d  3 .0  k i l o m e t e r s  s o u t h w e s t  o f  H u n t in g ­
t o n .  Wagner ( 1 9 7 2 )  has i d e n t i f i e d  t h r e e  l a k e s  t h a t  d r a i n e d  
s o u t h w e s t  t h r o u g h  H u n t i n g t o n  and u l t i m a t e l y  o v e r  t h e  H o l l o w  
Brook t h r e s h o l d .  For  s i m p l i c i t y ,  as i t  p e r t a i n s  t o  th e  e a r l y  
p o s t g l a c i a l  h i s t o r y  o f  c e n t r a l  V e rm on t ,  I  r e c o g n i z e  Lake Mans­
f i e l d  I  ( G i l l e t t  Pond t h r e s h o l d )  and Lake M a n s f i e l d  I I  ( H o l l o w  
Brook  t h r e s h o l d ) .
I f  we p r o j e c t  a s h o r e l i n e  f r om t h e  2 2 9 -m e t e r  G i l l e t t  Pond 
t h r e s h o l d  w i t h  a g r a d i e n t  o f  0 .90  m/km down toward  S 2 1 . 5 ° E ,  t h a t  
p r o j e c t i o n  e x t e n d s  i n t o  th e  Dog R i v e r  v a l l e y  t o  N o r t h f i e l d  
F a l l s .  H ow eve r ,  Lake M a n s f i e l d  I  d i d  n o t  occupy th e  Dog R i v e r  
v a l l e y  b ecause  o l d e r  l a k e - b o t t o m  d e p o s i t s  l i e  a t  l e a s t  15 m e t e r s  
(50 f t )  above  th e  p r o j e c t i o n .  S t ream t e r r a c e s  c u t  i n t o  th e  
o l d e r  l a k e - b o t t o m  d e p o s i t s  f a l l  on th e  p r o j e c t i o n ,  i n d i c a t i n g  
t h a t  th e  e a r l y  Dog R i v e r  was f l o w i n g  n o r t h  a t  t h a t  t i m e ,  or l a ­
t e r .  In th e  Mad R i v e r  v a l l e y  most  o f  t h e  m a j o r  s t r e a m  t e r r a c e ' s  
f a l l  on a c o n c a v e - u p  p r o f i l e  t h a t  a p p ea r s  t o  j o i n  th e  above  p r o ­
j e c t e d  s h o r e l i n e  a t  an e l e v a t i o n  o f  213.4  m e t e r s  (700 f t )  a t  the  
v i l l a g e  o f  Moretown ( F i g .  6 ) .  On th e  e a s t  s i d e  o f  th e  Mad R i v e r  
v a l l e y ,  2 .7  k i l o m e t e r s  n o r t h e a s t  o f  More town ,  a s m a l l  d e l t a  ap­
p e a r s  t o  be g r a d e d  t o  th e  G i l l e t t  Pond p r o j e c t i o n  ( F i g .  6 ) .
O t h e r  f l u v i a l  s u r f a c e s  t h a t  appear  t o  be g r a d e d  t o  t h i s  p r o j e c ­
t i o n  a r e  3 .2  k i l o m e t e r s  n o r t h  o f  M o n t p e l i e r  and 4 .0  k i l o m e t e r s  
w e s t - n o r t h w e s t  o f  M o n t p e l i e r .  I m p o r t a n t  l a r g e  d e l t a s  a t  W o r c e s ­
t e r  and 2 .4  k i l o m e t e r s  w e s t  o f  Stowe a r e  about  14 m e t e r s  (45 f t )  
above  th e  G i l l e t t  Pond p r o j e c t i o n  and p r o b a b l y  we re  g r a d e d  
a c r o s s  i c e ,  or  t o  an u n r e c o g n i z e d  t h r e s h o l d .
R e t r e a t  o f  i c e  f r om th e  G i l l e t t  Pond t h r e s h o l d  p e r m i t t e d  
Lake M a n s f i e l d  I  t o  d r o p  20 m e t e r s  t o  t h e  H o l l o w  Brook  t h r e s h ­
o l d .  A s h o r e l i n e  p r o j e c t e d  s o u t h e a s t  f r om th e  H o l l o w  Brook 
t h r e s h o l d ,  20 m e t e r s  b e l o w  th e  G i l l e t t  Pond p r o j e c t i o n ,  i n t e r ­
s e c t s  o l d e r  l a k e - b o t t o m  d e p o s i t s  e v e r y w h e r e  in  th e  W i n o o s k i  ba­
s i n  e a s t - s o u t h e a s t  o f  W a t e r b u r y .  T h e r e f o r e ,  Lake M a n s f i e l d  I I  
d i d  n o t  e x t e n d  e a s t  o f  W a t e r b u r y  and th e  W i n o o s k i  R i v e r  and a l l  
o f  i t s  t r i b u t a r i e s  e a s t  o f  W a t e r b u r y  were  now on a f l u v i a l  g r a d e  
t o  Lake  M a n s f i e l d  Phase  I I .  The s t r e a m  t e r r a c e  t o  be o b s e r v e d  
a t  S t op  2 and o t h e r  m a j o r  t e r r a c e s  in  th e  Dog R i v e r  we re  p a r t  o f  
t h a t  f l u v i a l  s y s t e m  ( F i g .  7 ) .  R e t r e a t  o f  t h e  i c e  m a rg in  f rom 
the  l o w e r  H u n t i n g t o n  R i v e r  caused  th e  d r a i n i n g  o f  Lake M a n s f i e l d  
I I  t o  a l o w e r  l a k e  thus  p e r m i t t i n g  th e  W i n o o s k i  R i v e r  and i t s  
t r i b u t a r i e s  e a s t  o f  W a t e r b u r y ,  l i k e  th e  Dog and Mad R i v e r s ,  t o  
e r o d e  down t o  t h e i r  p r e s e n t  l e v e l s .
B-4
5 M ILES
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QUATERNARY SEDIMENTS OF THE DOG RIVER VALLEY
E v i d e n c e  f o r  more than one g l a c i a t i o n  has n o t  been found 
d u r i n g  d e t a i l e d  mapping o f  th e  Dog R i v e r  v a l l e y  in  th e  N o r t h ­
f i e l d  and Roxbury  7 . 5 - m i n u t e  q u a d r a n g l e s .  A s m a l l  e x p o s u r e  o f  
s a p r o l i t e  r e p r e s e n t s  p r e g l a c i a l  m a t e r i a l  and w i l l  be v i s i t e d  at  
S top  3. T h r e e  f a c i e s  o f  t i l l  a re  r e c o g n i z e d :  ( a )  a g r e e n i s h -
g r a y  sandy t i l l  on th e  w e s t  f l a n k  o f  th e  Dog R i v e r  v a l l e y ,  ( b )
g r a y  s i l t y  t i l l  on th e  e a s t  f l a n k ,  and ( c )  a g r a y  c l a y e y  t i l l  in
and nea r  th e  v a l l e y  b o t t o m .  The g r e e n i s h - g r a y  t i l l  i s  s i m i l a r  
in  c o l o r  t o  u n d e r l y i n g  b e d r o c k  o f  th e  Moretown F o r m a t i o n .  The 
g r a y  s i l t y  t i l l  i s  s i m i l a r  in  c o l o r  t o  u n d e r l y i n g  b e d r o c k  o f  the
N o r t h f i e l d  and W a i t s  R i v e r  F o r m a t i o n s .  The g r a y  c l a y e y  t i l l  i s
composed o f  d e f o r m e d  c l a y  and s i l t  l a y e r s  r e s e m b l i n g  v a r v e s  
f o rmed  in  a g l a c i a l  l a k e .  T h i s  s u g g e s t s  t h a t  t h e  l a s t  i c e  s h e e t  
dammed a l a k e  in  th e  n o r t h - d r a i n i n g  Dog R i v e r  v a l l e y  j u s t  p r i o r  
t o  i t s  advance  o v e r  th e  r e g i o n .
The f o l l o w i n g  t h r e e  s e d i m e n t a r y  u n i t s  a re  found in  a f i n ­
in g -u p w a rd  s e q u e n c e  a t  s i x  d i f f e r e n t  p i t s  in  th e  Dog R i v e r  v a l ­
l e y  ( F i g .  8 ) .  The s e q u e n c e  i s  n e a r l y  i d e n t i c a l  t o  t h a t  d e s c r i b e d  
by Rust  and R o m a n e l l i  ( 1975 )  f o r  subaqueous  outwash in  th e  O t t a ­
wa,  O n t a r i o ,  r e g i o n .  The s i m i l a r i t y  b e tween  t h e  s e d i m e n t s  t h a t  
t h e y  d e s c r i b e d  in  the  O t tawa  r e g i o n  and t h o s e  in  th e  Dog R i v e r  
v a l l e y  i s  t r u l y  r e m a r k a b l e  g i v e n  th e  p h y s i c a l  d i f f e r e n c e s  in  the  
tw o  r e s p e c t i v e  e n v i r o n m e n t s  o f  d e p o s i t i o n .  In  th e  O t taw a  a r e a ,  
d e p o s i t i o n  a p p a r e n t l y  was in  a b r o a d ,  open l a k e  in  a r e g i o n  o f  
l ow r e l i e f ,  whereas  in  th e  Dog R i v e r  v a l l e y ,  d e p o s i t i o n  was in  a 
v e r y  nar row  l a k e  in  a r e g i o n  o f  m o d e r a t e  r e l i e f .
C o a r s e - g r a i n e d  i c e - c o n t a c t  d e p o s i t s  a r e  common a l o n g  the  
a x i s  o f  t h e  v a l l e y  be tween  R i v e r t o n  and Roxbury .  P o o r l y  s o r t e d  
p e b b l e  g r a v e l  w i t h  c o b b l e s  in  s o u t h - d i p p i n g  c r o s s b e d  s e t s  2 .0  
m e t e r s  t h i c k  commonly i s  i n t e r b e d d e d  w i t h  p e b b l y  c o a r s e  t o  f i n e  
sand and s i l t .  The d e p o s i t s  a r e  c o n f i n e d  t o  na r row  e l o n g a t e  
a r e a s  t h a t  a r e  i n t e r p r e t e d  t o  be s egments  o f  e s k e r s  f o rmed  by 
s u b g l a c i a l  m e l t w a t e r  s t r e a m s .  T i l l  i s  r a r e l y  o b s e r v e d  under  the  
e s k e r  s e d i m e n t s  and b e d ro c k  s c o u r e d  by m e l t w a t e r  i s  common. The 
s e d i m e n t s  a re  r a r e l y  c o l l a p s e d  e x c e p t  on t h e i r  o u t s i d e  m a r g i n s .  
The s i t u a t i o n  r e q u i r e s  a s u b g l a c i a l  m e l t w a t e r  s t r e a m  c a p a b l e  o f
I
e r o d i n g  and r e w o r k i n g  t i l l .  The mode l  o f  s u b g l a c i a l  f l u v i a l  
e r o s i o n  d e s c r i b e d  by G u s ta v son  and B o o t h r o y d  ( 1982)  f o r  t h e  Ma- 
l a s p i n a  G l a c i e r ,  A l a s k a ,  appea rs  t o  be a p p l i c a b l e  h e r e .  In 
t h e i r  mode l  a g r o u n d w a t e r  t a b l e  ( p o t e n i o m e t r i c  s u r f a c e )  r i s e s  
u p g l a c i e r  f r om a p r o g l a c i a l  l a k e  and s u p p l i e s  th e  head r e q u i r e d  
t o  d r i v e  m e l t w a t e r  and m e t e o r i c  p r e c i p i t a t i o n  th r o u g h  a s u b g l a ­
c i a l  s t r e a m  s y s t e m .  Such a s y s t e m  i s  r e q u i r e d  in  o r d e r  t o  e x ­
p l a i n  th e  o b s e r v a t i o n s  made,  and t o  s u p p l y  th e  l a r g e  q u a n t i t i e s  
o f  subaqueous outwash o b s e r v e d  in  th e  Dog R i v e r  v a l l e y .
O v e r l y i n g  th e  c o a r s e - g r a i n e d  i c e - c o n t a c t  d e p o s i t s  a re  1.0
t o  5 .0  m e t e r s ,  or  more ,  o f  medium t o  v e r y  c o a r s e  sand and p e b b l e  
g r a v e l  i n  t r o u g h - c r o s s b e d  s e t s  10 t o  50 c e n t i m e t e r s  t h i c k .  The 
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subaqueous 
outwash
p r o x i m a l  
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outwash
e s k e r  
g r a v e l  
f o rmed 
in
s u b g l a c i a l  
t u n n e 1
F i g u r e  8. G e n e r a l i z e d  s t r a t i g r a p h i c  s e c t i o n  f o r  g r a v e l  p i t s  in  
th e  Dog R i v e r  v a l l e y .  U n i t s  1, 2 and 3 c o n s t i t u t e  a f i n i n g - u p ­
ward s eq u en ce  p rod u ced  by n o r th w a rd  r e t r e a t  o f  an i c e  m arg in  in  
a l a k e .  Sed iment  i s  d e l i v e r e d  t o  th e  l a k e  f l o o r  by s o u t h - f l o w ­
ing  t u r b i d i t y  c u r r e n t s  i s s u i n g  f rom a s u b g l a c i a l  t u n n e l .  U n i t  4 
was f o rmed  a f t e r  th e  l a k e  d r a i n e d  (Compare w i t h  Rust  and Roman- 
e l l i ,  1975;  d e p t h  s c a l e  i s  n o t  l i n e a r ) .
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e r a l l y  i t  has a s o u t h e r n  component .  A t  some l o c a l i t i e s  t h e  .dip 
d i r e c t i o n  i s  a t  r i g h t  a n g l e s  t o  th e  t r e n d  o f  th e  e s k e r  d e p o s i t s .  
At  S t o p s  2 and 8 l a r g e  c h a n n e l s  t r u n c a t e  w e l l - b e d d e d  medium and 
f i n e  sand .  The c h a n n e l s  a r e  f i l l e d  w i t h  s t r u c t u r e l e s s  medium 
sand and c o n t a i n  c l a s t s  up t o  20 c e n t i m e t e r s  l ong  o f  v e r y  f i n e  
sand and s i l t .  A b road  U-shaped  c h a n n e l  16.5  m e t e r s  w id e  and
2.0  m e t e r s  h i g h  was f o r m e r l y  e x p o s e d  a t  S t op  8 about  15 m e t e r s  
n o r t h  o f  th e  e s k e r  g r a v e l .  The o b s e r v a t i o n s  i n d i c a t e  t h a t  d e p o ­
s i t i o n  o f  U n i t  2 was by d e n s i t y  c u r r e n t s  c l o s e  t o  t h e  mouth o f  a 
s u b g l a c i a l  t u n n e l .  I  c h a r a c t e r i z e  U n i t  2 as p r o x i m a l  su b a queous 
outwash ( F i g . 8 ) .
Second t o  t i l l ,  U n i t  3 i s  th e  most  w i d e s p r e a d  s u r f i c i a l  
u n i t  in  th e  N o r t h f i e l d  7 . 5 - m i n u t e  q u a d r a n g l e .  I t  u n d e r l i e s  an 
a r e a  about  1 .0  k i l o m e t e r  w id e  a l o n g  th e  bo t t om  o f  t h e  Dog R i v e r  
v a l l e y .  The d e p o s i t s  c o n s i s t  o f  f i n e  t o  v e r y  f i n e  sand ,  s i l t  
and c l a y  t h a t  a re  o f t e n  r h y t h m i c a l l y  b edded .  In  p l a c e s ,  a n g u l a r  
i c e - r a f t e d  c l a s t s  a r e  common. R i p p l e - d r i f t  c r o s s - l a m i n a t i o n  
f o rmed  by s o u t h - f l o w i n g  t u r b i d i t y  c u r r e n t s  i n d i c a t e s  f o r m a t i o n  
o f  U n i t  3 as d i s t a l  subaqueous outwash in  s o u t h - d r a i n i n g  Lake 
Roxbury .  F i n e - g r a i n e d  l a k e - b o t t o m  d e p o s i t s ,  f o r  examp le  v a r v e d  
s i l t  and c l a y ,  t h a t  m i g h t  be a s s o c i a t e d  w i t h  n o r t h - d r a i n i n g  Lake 
W i n o o s k i  a re  n o t  common, or a r e  d i f f i c u l t  t o  r e c o g n i z e .  A l a r g e  
p o r t i o n  o f  Lake W in o o s k i  bo t t om  d e p o s i t s  p r o b a b l y  were  removed 
by p o s t - l a k e  s t r e a m  e r o s i o n ,  b e cau se  in  many e x p o s u r e s  s t r e a m -  
t e r r a c e  g r a v e l s  r e s t  d i r e c t l y  on f i n e  sand w i t h  s o u t h - d i p p i n g  
c r o s s b e d s .
U n l i k e  U n i t s  1 and 2, wh ich  a r e  r e l a t i v e l y  unde fo rmed  e x ­
c e p t  f o r  m inor  f a u l t s ,  U n i t  3 d i s p l a y s  v a r i o u s  d e g r e e s  o f  d e f o r ­
m a t i o n .  A t  two  c o n s t r u c t i o n  s i t e s  s t u d i e d  in  1979 and 1981 at  
N o rw i ch  U n i v e r s i t y  h i g h l y  d e f o rm e d  ( c o l l a p s e d )  i c e - c o n t a c t  l a k e  
d e p o s i t s  were  o b s e r v e d  t o  g r a d e  upward t h r o u g h  l e s s e r  d e f o rm ed  
s e d i m e n t s  i n t o  unde fo rmed  l a k e - b o t t o m  d e p o s i t s .  T h i s  i n d i c a t e s  
t h a t  l a k e - b o t t o m  s e d i m e n t a t i o n  was con tem poraneous  w i t h  m e l t i n g  
o f  b u r i e d  i c e ,  and s u g g e s t s  a somewhat d i f f e r e n t  c o n f i g u r a t i o n  
o f  t h e  i c e  m a rg in  than t h a t  shown by Rus t  and R o m a n e l l i  ( 1975 ,  
F i g . 14)  ( F i g . 9 ) .
D e l t a i c  d e p o s i t s  o f  Lake Roxbury  a r e  e x p o s e d  o n l y  a t  S t op  6 
(R oxbu ry  d e l t a )  where  s e d i m e n t s  r a n g e  f rom p e b b l e  g r a v e l  w i t h  
c o b b l e s  t o  v e r y  f i n e  sand and s i l t .  C r o s s b e d d i n g  a t  a l l  s c a l e s  
i n d i c a t e s  t r a n s p o r t  t o  th e  s o u th  d u r i n g  d e p o s i t i o n .  Compared t o  
th e  Roxbury  d e l t a ,  t h e  y o u n g e r  Lake  W i n o o s k i  d e l t a s  g e n e r a l l y  
a r e  f i n e r  g r a i n e d  w i t h  c l e a n  p e b b l e  g r a v e l  in  th e  t o p s e t  beds 
and p e b b l y  medium t o  c o a r s e  sand on th e  s i d e s  o f  th e  d e l t a s .
S t r e a m - t e r r a c e  d e p o s i t s ,  a l l u v i a l  f a n  d e p o s i t s , and a l l u v i ­
um a re  a l l  s i m i l a r  in  t h a t  t h e y  c o n s i s t  m a i n l y  o f  p e b b l e  g r a v e l  
and p e b b l y  c o a r s e  sand.  They  each  d i s p l a y  m e d iu m - s c a l e  c r o s s b e d s  
and i m b r i c a t e d  f l a t  p e b b l e s  t h a t  i n d i c a t e  d o w n - v a l l e y  t r a n s p o r t  
o f  s e d im e n t  a f t e r  g l a c i a l  Lake W in o o s k i  had d r a i n e d .
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SHAPE OF THE ICE MARGIN DURING RETREAT
A s equ en ce  o f  t h r e e  f i n i n g - u p w a r d  s e d i m e n t a r y  u n i t s  in sub­
g l a c i a l  and subaqueous  outwash in  the  Dog R i v e r  v a l l e y  i s  n e a r l y  
i d e n t i c a l  t o  t h a t  d e s c r i b e d  by Rust  and R o m a n e l l i  ( 1 9 7 5 )  in  the  
O t t a w a ,  O n t a r i o ,  r e g i o n .  In t w o  o f  t h e i r  " D e p o s i t i o n a l  mode l s  
f o r  subaqueous  outwash in  r i d g e s  a t  the  i c e  f r o n t " ,  Rust  and 
R o m a n e l l i  ( 1975 ,  R i g .  14)  show a r e t r e a t i n g  i c e  m arg in  t h a t  i s  
b o th  s t r a i q h t  and s t e e p .  In a t h i r d  mode l  t h e y  show a s u b q l a c i a l  
s t r e a m  e n t e r i n g  a l a k e  at  a r e e n t r a n t  formed by tw o  s t r a i g h t  and 
s t e e p  i c e  f r o n t s .
T h e r e  i s  an i m p o r t a n t  d i s t i n c t i o n  be tween  U n i t  3, d i s t a l  
subaqueous  outwash ,  in  the  Dog R i v e r  v a l l e y  and f i n e - g r a i n e d  
subaqueous  outwash in  the  O t taw a  a r e a .  In th e  Dog R i v e r  v a l l e y ,  
U n i t  3 commonly i s  h i g h l y  c o l l a p s e d ,  whereas  U n i t s  1 and 2, 
e s k e r  g r a v e l  and p r o x i m a l  subaqueous  outwash ,  show o n l y  m inor  
f a u l t s .  T h i s  s u g g e s t s  t h a t  U n i t  1 was d e p o s i t e d  on i c e ,  whereas  
U n i t s  1 and 2 were  n o t .  I  b e l i e v e  t h a t  t h e s e  o b s e r v a t i o n s  r e ­
q u i r e  bo th  a deep  r e e n t r a n t  i n ,  and a low s u r f a c e  g r a d i e n t  o f ,  
th e  subaqueous  i c e  m arg in  d u r i n g  r e t r e a t  ( F i g .  9 ) .  A c ru d e  and 
s u b a e r i a l  a n a l o g  f o r  a d eep  r e e n t r a n t  in  th e  i c e  m arg in  o c cu rs  
t o d a y  a l o n g  th e  s t a g n a n t  o u t e r  m arg in  o f  t h e  M a l a s p i n a  G l a c i e r  
where  s u b g l a c i a l  s t r e a m s  emerge  as f o u n t a i n s  t h a t  f e e d  nar row  
i c e - b o u n d e d  outwash p l a i n s .  I f  th e  edge  o f  th e  M a l a s p i n a  G l a ­
c i e r  were  t o  be submerged ,  and b a s a l  i c e  c o n t a i n e d  enough d e b r i s  
s o  t h a t  i t  would  n o t  f l o a t ,  then  a s u b g l a c i a l  s t r e a m  would 
emerge  a t  th e  head o f  a deep  subaqueous  r e e n t r a n t  in  th e  i c e  
m a r g in .  C o a r s e - g r a i n e d  m a t e r i a l  in  t r a c t i o n  ( U n i t  2) would be 
c o n f i n e d  t o  the  r e e n t r a n t  and f i n e - g r a i n e d  m a t e r i a l  in  su sp en ­
s i o n  ( U n i t  3)  would  be c a r r i e d  d o w n - l a k e  and s p i l l  out o f  the  
r e e n t r a n t  o n t o  s t a g n a n t  i c e .  C o n t in u o u s  m e l t i n g  o f  th e  s t a g n a n t  
i c e  on th e  s i d e s  o f  t h e  r e e n t r a n t  d u r i n g  d e p o s i t i o n  o f  th e  f i n e ­
g r a i n e d  m a t e r i a l  would  accoun t  f o r  th e  p r o g r e s s i v e  upward change  
f rom h i g h l y  d e f o rm e d  t o  unde fo rmed  l a k e - b o t t o m  d e p o s i t s  found in 
th e  Dog R i v e r  v a l l e y .
F i g u r e  9. P r o q l a c i a l  e n v i r o n m e n t  o f  d e p o s i t i o n  f o r  U n i t  3, d i s ­
t a l  subaqueous outwash.
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F i g u r e  10. Route  f o r  f i e l d  t r i p  B -4 .  S o l i d  t r i a n g l e s  d e n o t e  









START AT PARKING LOT AT MONTPELIER HIGH SCHOOL JUST NORTH OF 
U .S .  ROUTE 2, AND 0 .7 5  OF A MILE NORTHEAST OF EXIT 8 OF INTER­
STATE 1 -89 .
Mi l e  age
0 .0  L e a v e  M o n t p e l i e r  H igh  S c h o o l ,  m i l e a g e  s t a r t s  a t  s t o p  s i g n ,
tu rn  r i g h t
0 .02  A t  t r a f f i c  l i g h t  tu rn  l e f t  ( e a s t )  on U .S .  Route  2 
0 .45  A t  t r a f f i c  l i g h t  tu r n  r i g h t  ( s o u t h )  on Route  12
2 .25  S t e e l  g i r d e r  b r i d g e  o v e r  Dog R i v e r
2 .90  Park  on l e f t  a t  j u n c t i o n  o f  Route  12 w i t h  Browns M i l l
Road.  Walk s o u t h w e s t  125 f e e t ,  c r o s s  Route  12 and walk  
n o r t h w e s t  up s m a l l  d i r t  r o a d ,  tu rn  l e f t  ( s o u t h w e s t )  and 
wa lk  about  750 f e e t  a l o n g  r a i l r o a d  t o  f i r s t  o u t c r o p s .
STOP 1. ABANDONED WATERFALL
T h r e e  h a l f  p o t h o l e s  w i t h  d e p r e s s i o n s  a t  t h e i r  b a s e s  p lu s  
a f o u r t h  w a t e r - a b r a d e d  s u r f a c e ,  0 .6  m e t e r  in  d i a m e t e r ,  p r o b a b l y  
w e r e  f o rmed  by headward e r o s i o n  by th e  Dog R i v e r .  The l a r g e s t  
p o t h o l e  l i e s  s o u th  o f  th e  r a i l r o a d  and f a c e s  n o r t h .  The abraded  
s u r f a c e  i s  more than 2 .0  m e t e r s  h i g h  and measures  2 .1  by 1 .3  
m e t e r s  a t  th e  l i p  o f  a f i l l e d  d e p r e s s i o n .  The o t h e r  f e a t u r e s  l i e  
n o r t h  o f  th e  r a i l r o a d  and f a c e  s o u t h .  T w e l v e  m e t e r s  due n o r t h  
o f  th e  l a r g e s t  p o t h o l e  i s  a d e p r e s s i o n  1 .0  m e t e r  in  d i a m e t e r  
w i t h  an abraded  s u r f a c e  t h a t  r i s e s  4 .4  m e t e r s  up and t o  the  
r i g h t .  S i x  m e t e r s  t o  t h e  e a s t  o f  t h e  l a t t e r  i s  a s m a l l  d e p r e s ­
s i o n  w i t h  an abraded  s u r f a c e  3 .4  by 1 .3  m e t e r s  in  s i z e .  Because  
th e  h a l f  p o t h o l e s  a r e  l o c a t e d  a t  th e  e a s t  end o f  t h e  r a i l r o a d  
c u t  and b e ca u se  t h e r e  a r e  no  p o t h o l e s  or  abraded  s u r f a c e s  a s s o ­
c i a t e d  w i t h  th e  h i g h e r  man-made c u t  t o  the  w e s t ,  one can presume 
t h a t  a w a t e r f a l l  m i g r a t e d  f r om  n o r t h e a s t  t o  s o u t h w e s t  a l o n g  th e  
t r e n d  o f  th e  p r e s e n t  r a i l r o a d  t r a c k .  F u r t h e r ,  t h e  p r e s e n c e  o f  
l o o s e ,  c l e a n  p e b b l e  g r a v e l  in  th e  1 . 0 - m e t e r  p o t h o l e  s u g g e s t s  
t h a t  th e  p o t h o l e  c u t t i n g  t o o k  p l a c e  in  p o s t g l a c i a l  t im e  a f t e r  
Lake  M a n s f i e l d  had d r a i n e d .  I t  appea r s  t h a t  f o l l o w i n g  th e  
d r a i n i n g  o f  Lake M a n s f i e l d  th e  Dog R i v e r  c u t  down t h r o u g h  g l a c i ­
o l a c u s t r i n e  f i n e  sand and was su p e r im p o se d  a c r o s s  th e  b e d ro c k  
r i d g e  f o r  a s h o r t  p e r i o d  o f  t im e  b e f o r e  s h i f t i n g  p o s i t i o n  t o  i t s  
p r e s e n t  c o u r s e .
P r o c e e d  s o u th  on Route  12
4 .75  O u tc ro p  on th e  r i g h t  o f  q u a r t z i t e ,  p h y l l i t e  and g r e e n s t o n e
in  th e  O r d o v i c i a n  Moretown F o r m a t i o n
5 .85  L e a v e  Rou te  12 and p r o c e e d  s t r a i g h t  on d i r t  r oad  where
Route  12 tu r n s  s h a r p l y  t o  t h e  l e f t .
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6 .00  Turn  l e f t  i n t o  p i t  a r e a
STOP 2. BILL LYONS P I T .
The minimum d e p th  o f  Lake Roxbury  above  t h e  t e r r a c e  l e v e l  
was about  117 m e t e r s  (384 f t ) .  The p l a n  i s  t o  s t a r t  a t  a s m a l l  
f a c e  on th e  w e s t  ( A ) ,  move t o  the  n o r t h  p i t  ( B ) ,  and then  t o  th e  
m i d d l e  p i t  ( C ) ,  and f i n a l l y  t o  t h e  l a r g e  s o u th  f a c e  ( D ) .
( A )  WEST FACE: A s m a l l  c u r v e d  f a c e  8 m e t e r s  w ide  and 3 .0  
m e t e r s  h i g h  has ,  a t  th e  b a s e ,  2 .7  m e t e r s  o f  bedded f i n e  t o  v e r y  
f i n e  sand w i t h  r i p p l e  c r o s s b e d d i n g  d i p p i n g  t o  th e  s o u th  o v e r l a i n  
by 0 .3  m e t e r  o f  p e b b l e  g r a v e l .  Crude i m b r i c a t i o n  i n d i c a t e s  
t r a n s p o r t  t o  the  n o r t h  d u r i n g  t im e  o f  d e p o s i t i o n .  T h i s  i s  a f a ­
m i l i a r  s c e n e  r e p e a t e d  many t im e s  t h r o u g h o u t  the  Dog R i v e r  v a l ­
l e y ,  t h a t  i s ,  l a k e - b o t t o m  s e d i m e n t s  fo rmed  by d e n s i t y  c u r r e n t s  
mov ing  sou th  in  g l a c i a l  Lake Roxbury  capped  by s t r e a m - t e r r a c e  
g r a v e l s  f o rmed  by a n o r t h - f l o w i n g  s t r e a m .
(B )  NORTH P I T :  The e x p o s u r e  i s  2 t o  3 m e t e r s  h i g h  in  a 
c u r v e d  f a c e  o v e r  20 m e t e r s  l o n g .  F in e  t o  medium sand and p e b b l y  
sand o c c u r s  in  w e s t - d i p p i n g  f o r e s e t s .  W i t h i n  th e  f o r e s e t  beds 
r i p p l e  c r o s s b e d d i n g  and t r o u g h  c r o s s b e d s  d i p  s o u t h .  T o  th e  w es t  
th e  f o r e s e t  beds  d i p  t o  the  s o u t h w e s t  i n t o  th e  f a c e .  Above  p e b ­
b l y  c o a r s e  sand in  th e  f o r e s e t s  i s  f i n e  t o  v e r y  f i n e  sand w h i ch ,  
in  t u r n ,  i s  o v e r l a i n  by p e b b l y  c o a r s e  sand in  dune beds  d i p p i n g
s o u t h .
(C )  MIDDLE P I T :  The c u r v e d  e x p o s u r e  f a c e s  n o r t h - n o r t h e a s t  
and i s  9 .3  m e t e r s  h i g h  and more than 30 m e t e r s  l o n g .  The f a c e  
i s  t h e  m i r r o r  image o f  F i g u r e  12 in Rust  and R o m a n e l l i  ( 1 9 7 5 ) ,  
and d i s p l a y s  h a l f  o f  a c o l l a p s e d  s y n c l i n e  w i t h  l a m i n a t e d  v e r y  
f i n e  sand and s i l t .  A d j a c e n t  on th e  w e s t  i s  an 8 - m e t e r  w ide  
zone w i t h  n e a r l y  v e r t i c a l  normal  and r e v e r s e  f a u l t s .  The f a u l t s  
a re  0 .1  t o  3 .5  c e n t i m e t e r s  w id e  and c o n s i s t  o f  f i n e  sand packed 
w i t h  s i l t .  West  o f  t h e  f a u l t  zone i s  u n c o l l a p s e d  f i n e  t o  c o a r s e  
sand w i t h  s o u t h - d i p p i n g  c r o s s b e d s  0 .5  m e t e r  t h i c k .  On th e  w es t  
in  1986,  was a c h a n n e l  f i l l e d  w i t h  s t r u c t u r e l e s s  medium t o  
c o a r s e  sand c o n t a i n i n g  c l a s t s  o f  v e r y  f i n e  sand and s i l t  up t o  
20 c e n t i m e t e r s  l o n g .  The a s p e c t  o f  th e  c h a n n e l ,  wh ich  was fo rmed  
as a g r a i n  f l o w ,  was s i m i l a r  t o  t h a t  in  F i g u r e  6 in  Rust  and Ro­
m a n e l l i  ( 1 9 7 5 ) .  Exposed a t  t h e  t o p  a r e  remnants  o f  s t r e a m  chan­
n e l s  f i l l e d  w i t h  p e b b l e  g r a v e l .
(D )  SOUTH FACE: The e x p o s u r e  i s  in  th e  shape o f  a U t h a t
opens t o  th e  n o r t h e a s t .  A t  th e  s o u t h w e s t  c o r n e r  th e  f a c e  i s  16 
m e t e r s  h i g h  w i t h  10 m e t e r s  o f  s e c t i o n  e x p o s e d .  The f o u r  main 
u n i t s ,  f r om b o t t o m  t o  t o p ,  a r e :  ( 1 )  2 .8  m e t e r s  o f  p o o r l y  s o r t e d
p e b b l e  g r a v e l  w i t h  c o b b l e s  and b o u l d e r s ,  c r o s s b e d s  up t o  2 .0
m e t e r s  t h i c k  d i p  t o  th e  s o u t h w e s t ;  ( 2 )  1 .0  m e t e r  o f  p e b b l y  v e r y  
c o a r s e  sand and p e b b l e  g r a v e l  in  t r o u g h  c r o s s b e d s  t h a t  d i p  t o  
the  w e s t  and s o u t h w e s t ;  ( 3 )  5 .0  m e t e r s  o f  f i n e  sand w i t h  r i p p l e -  
d r i f t  c r o s s - l a m i n a t i o n  a l t e r n a t i n g  w i t h  beds  o f  v e r y  f i n e  sand 
and s i l t ,  a w e s t - d i p p i n g  c u r v e d  s u r f a c e  t r u n c a t e s  th e  b e d d in g
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above  wh ich  s i m i l a r  f i n e - g r a i n e d  s e d im e n t s  a re  c o n f o r m a b l e ,  The 
s u r f a c e  i s  a s lump s c a r  or f a u l t  b e cause  s m a l l  s lump b l o c k s  o f  
th e  l o w e r  s e d im e n t  have  been d ropped  down a l o n g  t h e  s u r f a c e ;  ( 4 )
1 .2  m e t e r s  o f  c l e a n  p e b b l e  g r a v e l  i n t e r p r e t e d  t o  be s t r e a m - t e r -  
r a c e  d e p o s i t s .  U n i t  1 i s  i n t e r p r e t e d  t o  have been fo rmed  by a 
h i g h  e n e r g y  s t r e a m  f l o w i n g  s ou th  in  a s u b g l a c i a l  t u n n e l .  U n i t s
2 and 3 c o n s t i t u t e  p r o g l a c i a l  subaqueous  outwash fo rmed  by den ­
s i t y  c u r r e n t s  f l o w i n g  s o u th  in  g l a c i a l  Lake Roxbury .  U n i t  4 was 
f o rmed  by th e  Dog R i v e r  f l o w i n g  n o r t h  on a f l u v i a l  s u r f a c e  g r a d ­
ed t o  th e  H o l l o w  Brook t h r e s h o l d  o f  Lake M a n s f i e l d .
P r o c e e d  out  o f  p i t ,  t u r n  r i g h t  ( n o r t h )  on C h a n d l e r  Road
6 .6  Turn r i g h t  ( e a s t )  on Route  12
6 .85  S t e e l  g i r d e r  b r i d g e  o v e r  Dog R i v e r  a t  R i v e r t o n
8 .00  E l l i e ' s  Farm Marke t  on l e f t
8 .10  CAUTION, tu r n  l e f t  a c r o s s  t r a f f i c  on D a r l i n g  Road,  p r o c e e d
e a s t  0 .5  t o  0 .6  m i l e  on n a r row  d i r t  road
8.6  or 8 .8  Cars  must tu rn  around i n d i v i d u a l l y  a t  one o f  two
s p o t s .  P l e a s e  d o  n o t  b l o c k  D a r l i n g  Road e n t i r e l y
STOP 3. DARLING ROAD SAPROLITE LOCALITY
T h i s  may be th e  f i r s t  bona f i d e  s a p r o l i t e  f ound in  c e n t r a l  
Vermont  o u t s i d e  o f  a r e a s  o f  t h e  c a l c a r e o u s  W a i t s  R i v e r  Forma­
t i o n .  The e x p o s u r e ,  75 m e t e r s  l o n g  and up t o  3 m e t e r s  h i g h ,  was 
e x p o s e d  d u r i n g  r oad  improvements  in  1983. The t h i c k n e s s  o f  th e  
s a p r o l i t e  i s  n o t  known a t  t h i s  t i m e .  The m a t e r i a l  i s  a s t r u c ­
t u r e d  s a p r o l i t e  t h a t  can e a s i l y  be dug w i t h  a s h o v e l .  F o l i a t i o n  
in  th e  s a p r o l i t e  i s  v e r t i c a l  and s t r i k e s  N25°E.  F r e s h  b ed ro ck  
n e a r b y  t o  th e  n o r t h  i s  a g r e e n i s h - g r a y  s c h i s t  w i t h  c r y s t a l s  o f  
a l b i t e  and b l u e  q u a r t z  in  a m a t r i x  o f  q u a r t z ,  c h o r i t e ,  and mus­
c o v i t e .  I t  has a s t r i k e  o f  N20°E and a d i p  o f  84®SE. The l o ­
c a l i t y  i s  anomalous in  t h a t  i t  i s  on th e  e a s t  s i d e  o f  t h e  Dog 
R i v e r  v a l l e y  and was e x p o s e d  d i r e c t l y  t o  g l a c i a l  i c e  f l o w i n g  
f r om the  n o r t h - n o r t h w e s t .  S a p r o l i t e  in  g l a c i a t e d  t e r r a i n  in
ft
P r e c a m b r i a n  g n e i s s  n e a r  Quebec C i t y  has been a t t r i b u t e d  t o  deep  
w e a t h e r i n g  a l o n g  a f a u l t  ( L a S a l l e  and o t h e r s ,  1 9 8 3 ) .  The Dar ­
l i n g  Road s a p r o l i t e  p r o b a b l y  i s  a s s o c i a t e d  w i t h  a f a u l t  (D a v id  
S. Wes te rman,  1983,  p e r s .  commun. ) .
R e tu rn  t o  Route  12
9 .4  Turn l e f t  on Route  12, p r o c e e d  s ou th
10.6 N o r t h f i e l d  F a l l s
11.4  Dur ing  c o n s t r u c t i o n  o f  Grand Union on l e f t  a s e c t i o n  was
e x p o s e d  w i t h  s t r e a m - t e r r a c e  g r a v e l s  o v e r  c o l l a p s e d  and
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t r u n c a t e d  i c e - c o n t a c t  d e p o s i t s  w i t h  s o u t h - d i p p i n g  c r o s s  
beds
C ro s s  Dog R i v e r ,  e n t e r  V i l l a g e  o f  N o r t h f i e l d
12.4 C r o s s  Dog R i v e r  n ea r  c e n t e r  o f  N o r t h f i e l d
13.4 Turn r i g h t  o f f  Route  12 at  s m a l l  p a r k ,  p o s s i b l e  r e s t  s t o p
P r o c e e d  s o u th  on Route  12
13.7 Turn  r i g h t  on Route  12A t ow a rd  R o x b u ry ,  p r o c e e d  sou th  and
w e s t  up the  v a l l e y  o f  the  Dog R i v e r
15.1 Pass  under  H a r l ow  R a i l r o a d  B r i d g e
16 .0  C ro s s  Dog R i v e r  a t  N o r t h f i e l d  C o u n t r y  C lub
16.4 Segment  o f  N o r t h f i e l d  e s k e r  on l e f t
17 .2  P i t  on l e f t  in  N o r t h f i e l d  e s k e r  ( S t o p  7)
17.8 C ro s s  Dog R i v e r  and pass  under  r a i l r o a d
18.4  P i t  on l e f t  in  Roxbury  d e l t a  ( S t o p  6)
18 .6  F r o n t a l  s l o p e  o f  Roxbury  d e l t a  on l e f t
19 .9  T h r e s h o l d  o f  Lake Roxbury  in  v i l l a g e  o f  Roxbury  ( S t o p  5)
i
20 .2  In th e  o u t l e t  s t r e a m  c h a n n e l  f r om g l a c i a l  Lake Roxbury
21 .1  Turn l e f t ,  e n t e r  Vermont  S t a t e  p i t ,  c i r c l e  th e  wagons 
STOP 4. MORPHOSEQUENCE AT VERMONT STATE P IT
T h i s  i s  a d e p l e t e d  p i t  t h a t  had a t  one t im e  2 m e t e r s  o f  
v e r y  p o o r l y  s o r t e d  p e b b l e - c o b b l e  g r a v e l  w i t h  i m b r i c a t i o n  showing  
t r a n s p o r t  t o  th e  w e s t  o v e r l y i n g  3 m e t e r s  o f  c o a r s e  sand w i t h  
t r o u g h  c r o s s b e d s  c l i m b i n g  t o  th e  s o u t h .  In th e  b e d r o c k  r i d g e  
j u s t  s o u t h w e s t  o f  t h e  p i t  i s  a s m a l l  V - s h a p e d  n o t c h  t h a t  a c t e d  
as th e  t h r e s h o l d  f o r  a s m a l l  g l a c i o f l u v i a l  morphosequence  t h a t  
was f o rmed  when the  i c e  m a rg in  r e t r e a t e d  n o r t h  o f  t h e  n o t c h .
The i n i t i a l  d e p o s i t s ,  th e  c o a r s e  sand w i t h  t r o u g h  c r o s s b e d s ,  
we re  d e p o s i t e d  in  a s t r e a m  t h a t  f l o w e d  th r o u g h  th e  n o t c h .  When 
t h e  i c e  m a rg in  moved t o  th e  n o r t h w e s t  and away f rom th e  r o ck  
r i d g e  in  wh ich  th e  n o t c h  i s  l o c a t e d ,  a l o w e r  t h r e s h o l d  was e s ­
t a b l i s h e d  and th e  p e b b l e - c o b b l e  g r a v e l  was g r a d e d  t o  t h i s  l o w e r  
o u t l e t .  At  t h a t  t i m e ,  the  i c e  m a rg in  was l o c a t e d  a l o n g  the  
p r e s e n t  s i t e  o f  Route  12A. W i th  c o n t i n u e d  n o r th w ard  r e t r e a t  o f  
th e  i c e  m a r g i n ,  m e l t w a t e r  a t  t h i s  s i t e  was a b l e  t o  f l o w  d i r e c t l y  
i n t o  what  i s  now th e  T h i r d  Branch o f  th e  W h i t e  R i v e r .
B-4
Bedrock  in  th e  p i t  i s  q u a r t z - a l b i t e - s e r i c i t e  s c h i s t  w i t h  a 
p i n s t r i p e  t e x t u r e  t h a t  has been d ismembered  by t e c t o n i s m .  I t  b e ­
l o n g s  t o  the  O r d o v i c i a n  Moretown F o r m a t i o n  and has been n e a t l y  
p o l i s h e d  by m e l t w a t e r  s c o u r .
P r o c e e d  n o r t h  on Route  12A, a t  f i r s t  l ow  s p o t  in  r oad  l o o k  
n o r t h w e s t  a c r o s s  T h i r d  Branch o f  th e  W h i t e  R i v e r  t o  aban­
doned s e r p e n t i n e  q u a r r y
22 .3  Turn l e f t  i n t o  d r i v e w a y  o f  f o r m e r  r a i l r o a d  d e p o t ,  now Rox­
bury  Town O f f i c e s
STOP 5. THRESHOLD OF GLACIAL LAKE ROXBURY
The d r a i n a g e  d i v i d e  b e tw een  th e  n o r t h - f l o w i n g  Dog R i v e r  
and t h e  s o u t h - f l o w i n g  T h i r d  Branch o f  t h e  W h i t e  R i v e r  i s  l o c a t e d  
j u s t  e a s t  o f  Route  12A o p p o s i t e  th e  Town O f f i c e .  When th e  mar­
g i n  o f  t h e  L a u r e n t i d e  i c e  s h e e t  r e t r e a t e d  n o r t h  o f  t h i s  d i v i d e  
and b l o c k e d  the  Dog R i v e r ,  g l a c i a l  Lake Roxbury  was f o rm e d .  The 
e l e v a t i o n  o f  t h e  l a k e  a t  th e  t h r e s h o l d  was about  307 .9  m e t e r s  
( 1 , 0 1 0  f t )  .
P r o c e e d  n o r t h  on Route  12A on th e  f l o o r  o f  Lake Roxbury
23 .6  C ross  the  Dog R i v e r  and ascend th e  f r o n t a l  s l o p e  o f  th e
Roxbury  d e l t a
• • m
23 .9  Park  on r i g h t  a t  e n t r a n c e  t o  p i t  owned by John Gross
STOP 6. ROXBURY DELTA
F o r e s e t  b e d s ,  dune c r o s s b e d s ,  r i p p l e - d r i f t  c r o s s - l a m i n a ­
t i o n ,  and i m b r i c a t e  s t r u c t u r e  a l l  i n d i c a t e  sou thward  t r a n s p o r t  
o f  s e d i m e n t  d u r i n g  c o n s t r u c t i o n  o f  th e  d e l t a .  C o l l a p s e d  bed ­
d i n g ,  k e t t l e s ,  and an e s k e r ,  wh ich  e x t e n d s  1 .9  k i l o m e t e r s  down 
t h e  Dog R i v e r  v a l l e y  g i v e  e v i d e n c e  f o r  an i c e - c o n t a c t  o r i g i n  f o r  
t h e  d e l t a ,  wh ich  was b u i l t  by m e l t w a t e r  s t r e a m s  f l o w i n g  i n t o  
g l a c i a l  Lake Roxbury .  The t o p s e t / f o r e s e t  c o n t a c t  has n o t  been 
a c c u r a t e l y  s u r v e y e d  but  i t  o b v i o u s l y  was c o n t r o l l e d  by th e  e l e ­
v a t i o n  o f  t h e  d r a i n a g e  d i v i d e  a t  S top  5.
P r o c e e d  n o r t h  and e a s t  on Route  12A
25 .1  Park  on r i g h t  a t  e n t r a n c e  t o  p i t  owned by Edward A l l a r d
STOP 7. NORTHFIELD ESKER
L a r g e - s c a l e  c r o s s b e d s  in  p e b b l e - c o b b l e  g r a v e l  a t  t h e  base  
d i p  t o  th e  n o r t h w e s t  and s u g g e s t  f o r m a t i o n  in  a s u b g l a c i a l  
s t r e a m  t h a t  f l o w e d  in  a t u n n e l  t o  t h e  w e s t  up th e  v a l l e y  and t o  
the  Roxbury  d e l t a .  The s e c t i o n  i s  a f i n i n g - u p w a r d  s e q u e n c e ,  s i ­
m i l a r  t o  t h a t  a t  S t op  2, w i t h  p e b b l y  c o a r s e  sand w i t h  dune 
c r o s s b e d d i n g  in  th e  m i d d l e  and w i t h  c o l l a p s e d  f i n e  sand w i t h  
m ino r  r i p p l e - d r i f t  c r o s s - l a m i n a t i o n  a t  t h e  t o p .
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P r o c e e d  e a s t  on Route  12A
25 .2  T e r r a c e s  on th e  l e f t  a r e  c u t  i n t o  a d e l t a  t h a t  f a l l s  on
the  p r o j e c t e d  s h o r e l i n e  o f  Lake W in o o s k i  ( F i g .  4)
25 .9  P i t  on the  r i g h t  and s o u th  o f  t h e  Dog R i v e r  f o r m e r l y  d i s ­
p l a y e d  w e s t - d i p p i n g  dune c r o s s b e d s  in  c o a r s e  sand o v e r l a i n  
by s t r e a m - t e r r a c e  g r a v e l s  w i t h  i m b r i c a t i o n  i n d i c a t i n g  f l o w  
t o  th e  e a s t
26 .3  C ro s s  Dog R i v e r  a t  N o r t h f i e l d  C o u n t r y  Club
26 .8  CAUTION, tu rn  l e f t  a c r o s s  t r a f f i c  i n t o  DuBois p i t
STOP 8 ( o p t i o n a l ) .  DUBOIS P IT  IN NORTHFIELD ESKER
E x c e l l e n t  s t r a t i g r a p h i c  s e c t i o n s  have  been a v a i l a b l e  f o r  
s t u d y  f o r  the  p a s t  y e a r  b e c a u s e  o f  r e c e n t  e x c a v a t i o n s .  The s e c ­
t i o n  c o n s i s t s  o f  th e  3 m a j o r  u n i t s  d e s c r i b e d  in  F i g u r e  8. At  
th e  b o t t o m ,  U n i t  1 i s  16 m e t e r s  t h i c k  and has i n t e r b e d d e d  p eb -  
b l e - c o b b l e  g r a v e l  and p e b b l y  v e r y  c o a r s e  sand in  l a r g e - s c a l e  
c r o s s b e d s  t h a t  d i p  t o  th e  w e s t  and s o u t h w e s t .  U n i t  2 has 2 .0  
m e t e r s  o f  c o a r s e  sand in  c r o s s b e d s  and m a s s i v e  g r a i n  f l o w s  t h a t  
f o rmed  as p r o x i m a l  subaqueous  outwash.  On the  t o p ,  U n i t  3 c o n ­
s i s t s  o f  7 .5  m e t e r s  o f  v e r y  f i n e  sand and s i l t  t h a t  i s  f a u l t e d  
and c o l l a p s e d .  Bedd ing  nea r  th e  t o p  o f  t h e  s e c t i o n  d i p s  40 d e ­
g r e e s  t o  the  n o r t h w e s t .  U n i t  3 d i s p l a y s  a much h i g h e r  d e g r e e  o f  
d e f o r m a t i o n  than t h a t  o b s e r v e d  in  U n i t s  1 and 2.
Turn l e f t  on Route  12A, p r o c e e d  n o r t h
29.1 Turn l e f t  ( n o r t h )  on Route  12
29.25  A s m a l l  Lake W in o o s k i  d e l t a  i s  l o c a t e d  0 .3  o f  a k i l o m e t e r
e a s t - s o u t h e a s t  o f  t h e  j u n c t i o n  o f  Route  12 and S t a g e  Coach 
Road
30.1 A l o c a l  l andmark ,  t h e  P i n n a c l e ,  i s  a Lake W i n o o s k i  d e l t a
and i s  l o c a t e d  0 .3  o f  a k i l o m e t e r  e a s t  o f  Route  12 a t  the  
N o r t h f i e l d  S a v i n g s  Bank
30 .2  C ro s s  Dog R i v e r
30 .25  Turn l e f t  ( w e s t )  on W a te r  S t r e e t  j u s t  beyond P C Market
30 .5  Turn r i g h t  on Union S t r e e t  (becomes  Union Brook R o a d ) ,
p r o c e e d  w e s t - n o r t h w e s t  up v a l l e y  o f  Union Brook
31 .7  Turn l e f t  ( s o u t h w e s t )  on dead end r oad  ( F e l  F e r n a n d e z )
31.8  Dam on r i g h t
31 .9  S h e ld on  p i t  on r i g h t  i s  S top  9. E a s i e s t  p r o c e d u r e  i s  t o
d r i v e  t o  end o f  r oad  and tu rn  around t h e r e
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32 .15  Turn around a t  F e rnandez  r e s i d e n c e
32.4  Park on r i g h t
STOP 9. SHELDON P IT
P i t  i s  in  t o p s e t  beds  o f  a m e t e o r i c  d e l t a  g r a d e d  t o  Lake 
W in o o s k i  ( F i g .  4 ) .  Walk about  120 m e t e r s  due w e s t  on d e l t a  s u r ­
f a c e  t o  e x p o s u r e  l o c a t e d  down o v e r  bank.  De formed c l a y - s i l t  
v a r v e s  a re  b e l i e v e d  t o  be o v e r l a i n  by t i l l ,  and t o  r e p r e s e n t  d e ­
p o s i t s  in  a p r o g l a c i a l  l a k e  t h a t  was o v e r r i d d e n  by th e  l a s t  i c e  
s h e e t .
32 .6  Turn r i g h t  ( e a s t )  on Union Brook Road
33.8  Turn l e f t  ( n o r t h )  on Wate r  S t r e e t
34 .05  Route  12, end o f  t r i p .  M o n t p e l i e r  i s  9 m i l e s  n o r t h  on
Route  12. The s h o r t e s t  r o u t e  t o  1-89 i s  t o  p r o c e e d  2 .0
m i l e s  s o u th  on Route  12,  t u r n  l e f t  on Route  64 and p r o c e e d
e a s t  t o  E x i t  5 o f  1-89
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